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Background: Endoaneurysmorrhaphy with intraluminal graft placement, described by Creech, is the gold standard for
abdominal aortic aneurysm (AAA) repair. Endovascular aneurysm repair has gained popularity for its minimal invasive-
ness and satisfying short-term results, but there are still many concerns about the long-term success of the procedure.
Since 1998, laparoscopic surgery has been proposed for AAA treatment. The potential benefits of a minimally invasive
procedure reproducing the endoaneurysmorrhaphy results over time have been advocated. In our experience, hand-
assisted laparoscopic surgery (HALS) has been routinely used for the open-surgery transperitoneal/retroperitoneal
approach and for endovascular aneurysm repair. After 4 years, we are able to define the early and middle-term results of
such laparoscopic-assisted treatment.
Methods: FromOctober 2000 to March 2004, 604 consecutive nonurgent AAAs were treated at our institution. Of these,
122 (20.2%) were treated by HALS. Exclusion criteria for HALS were hostile abdomen (previous major abdominal or
aortic surgery), bilateral diffuse common iliac and/or hypogastric aneurysms, massive aortoiliac calcifications, and severe
cardiac (ejection fraction <35%) and respiratory (PO2 <60 mm Hg or carbon dioxide >50 mm Hg) insufficiency.
Juxtarenal and proximal iliac aneurysms were not a contraindication, nor was obesity. In all patients, we performed a
minilaparotomy (7-8 cm) both for laparoscopic hand-assisted dissection and for endoaneurysmorrhaphy. All perioper-
ative data were prospectively recorded. Follow-up consisted of ultrasonography and clinical evaluation after 6 and 12
months and then every year after surgery.
Results: The mean laparoscopic and total operative times were respectively 64  32 minutes and 257  70 minutes, the
mean aortic cross-clamping time was 76 26 minutes, and the mean autotransfused blood volume was 1136 711 mL.
The overall mortality and morbidity were respectively 0% and 12.2%. Morbidity was surgery related in only two cases
(bleeding from an ipogastric artery lesion and a leg graft thrombosis). The mean intensive care unit stay was 14.3  13
hours. Oral food intake was resumed after 27.4 15 hours, and patients were discharged after a mean of 4.4 1.7 days.
Operative times were not affected by obesity, suprarenal aortic cross-clamping, or aneurysm size. Both concomitant iliac
aneurysms and bifurcated graft implantation (related to longer vascular reconstruction) involved significantly longer
operative times. The learning curve of the procedure (comparing the first 30 patients with the last 92 patients) led to
significantly shorter endoscopic, cross-clamping, and total operative times (P  .000). The mean follow-up was 28.6 
16 months. Three incisional hernias and one case of bowel occlusion were detected. All these cases (3.4%) required
laparoscopic treatment.
Conclusions: TheHALS technique is a safe and minimally invasive treatment for AAA; it is useful for limiting the need for
conventional open surgery and reducing the length of hospital stay. Despite the lack of randomized studies, HALS seems
to be associated with a better postoperative course than standard open surgery. HALS can also be considered as an
equivalent of a well-established procedure and as a bridge between open and total laparoscopic surgery. (J Vasc Surg
2006;43:695-700.)Currently, the gold standard in the treatment of ab-
dominal aortic aneurysms (AAAs) is still aneurysm repair
with a prosthetic graft through an open approach.1 In the
last 10 years, AAA endovascular exclusion has become an
established option as a result of an extremely high success
rate (98%) and good immediate results (98%).2,3 However,
with longer follow-up periods, complications such as en-
From the Vascular Surgery Unit,a Division of General and Transplant
Surgery,b and Department of Oncology, Transplantation and Advanced
Technologies in Medicine, University of Pisa.
Competition of interest: none.
Reprint requests: Mauro Ferrari, MD, Vascular Surgery Unit, Azienda
Ospedaliero Universitaria Pisana, Presidio Ospedaliero Cisanello, Via
Paradisa, 2, 56124 Pisa, Italy (e-mail: m.ferrari@ao-pisa.toscana.it).
0741-5214/$32.00
Copyright © 2006 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2005.12.056doleaks (10%-20%),4 endograft migration (3.6%-15%),5,6
occlusion (3%-4%),7 and aneurysm rupture (1%)3 have been
reported. These complications have been responsible for
reoperation in 10% to 34% of cases.8-10 While endovascular
surgery has been gaining widespread popularity, the lapa-
roscopic technique (through either a fully laparoscopic or a
laparoscopy-assisted approach) for AAA repair has been
introduced.11-14 These techniques have been developed to
overcome some technical challenges, such as bowel manip-
ulation, bleeding control, and, mainly, the performance of
vascular anastomoses, which might jeopardize the proce-
dure success rate.15-17 Among the laparoscopy-assisted ap-
proaches, the hand-assisted technique has been used since
2000 both for aortic obstructive disease and for AAA.18-20
We present herein our experience with 122 consecutive
cases of laparoscopy-assisted AAA repair, focusing on the
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(1-53 months).
MATERIALS AND METHODS
Patient selection. From October 2000 to March
2005, 604 patients with AAA were operated on at our
institution. Among them, 122 (20.1%; mean age, 69.4 7
years; 98.3% male) underwent hand-assisted laparoscopic
surgery (HALS); 151 (25%) underwent endovascular re-
pair, and 331 (54.8%) underwent open surgery.
All patients underwent a preoperative workup consist-
ing of contrast medium–enhanced computed tomography
with an angiographic phase; angiography was reserved for
patients with clinically evident iliofemoral arterial disease.
The average AAA diameter was 56.3  9 mm; patients
whose AAA showed a rapid increase (1 cm in 12 months)
were also candidates. Exclusion criteria for HALS were a
hostile abdomen, previous aortoiliac surgery, inflammatory
aneurysms, extensive aortoiliac calcification at the level of
the assumed aortic clamping site, hypogastric aneurysms,
and severe cardiopulmonary disease (ejection fraction
35%, arterial PO2 60 mm Hg, and/or arterial carbon
dioxide 50 mm Hg). Juxtarenal AAAs (17.2%) necessi-
tating suprarenal clamping and obesity (body mass index
30 kg/m2; 22.1%) were not considered contraindica-
tions. The need for renal artery reimplantation was not a
strict contraindication to HALS repair (2.4% of cases).
Patient selection was also conditioned by logistic factors,
because in that period only two surgeons were familiar with
and using this technique. At present, other surgeons in our
team have been trained in the laparoscopic approach. As a
consequence, in the last 12 months the percentage of
patients treated by HALS for AAA has increased to 39%.
The anesthesiologic risk was graded according to the
American Society of Anesthesiologists classification sys-
tem (Table I).
Surgical technique. The patient is placed in the su-
pine position. A midline minilaparotomy incision of 7 to 8
Table I. Anesthesiologic risk according to the associated







Ischemic heart disease 27%
Smoking 24.6%
Hyperlipidemia 23.7%





ASA, American Society of Anesthesiologists; BMI, body mass index; COPD,
chronic obstructive pulmonary disease.cm is performed to allow placement of the port-site device(Omniport; Advanced Surgical Concept, Dublin, Ireland).
Through the Omniport, the nondominant hand of the
surgeon is introduced into the abdominal cavity without
any gas (carbon dioxide) loss. The exact incision site is
selected on the basis of the preoperative computed tomo-
graphic scan by taking the umbilicus as a key point and
trying to gain clear vision of both the assumed proximal and
distal anastomotic sites. After the minilaparotomy is per-
formed, a 10-mm trocar is placed along the midline, just in
the hypogastrium. This port is meant for a 30° laparoscopic
optic and for carbon dioxide insufflation to create a 12 mm
Hg pneumoperitoneum. With his or her nondominant hand,
the surgeon gently pushes the bowel loops toward the right
part of the abdominal cavity with the aid of a laparoscopic
sponge and with tilting the operating table to the right and in
the Trendelenburg position (not exceeding 30°).
Under endoscopic control, a 5-mm trocar is introduced
into the mesogastrium lateral to the border of the left rectus
abdominis muscle. This port is used for dissection of the
proximal aortic neck. Preparation of the distal anastomosis
requires placement of a further 5-mm trocar lateral to the
border of the right rectus abdominis muscle (Fig 1).
The approach to the abdominal aorta is the same as that
performed through a xiphopubic incision. After isolation of
the proximal and distal anastomosis location sites, we deflate
the abdominal cavity. The Omniport device is removed, the
bowel loops are kept in place in the right abdomen with the
aid of laparoscopic sponges, and the incision is kept open
with an autostatic retractor (Gray Surgical, Bentley, Aus-
tralia; Fig 2).
Abdominal wall retraction is initially directed for the
proximal aortic camping (with a conventional DeBakey
aortic clamp) after infusion of intravenous heparin. Because
of the adequate preparation of the clamping site by the
laparoscopic dissection, an extreme retraction in the cranial
direction is not necessary. The aneurysm is opened, and the
thrombus is removed. At the same time, another retractor
(manually activated) is applied in the caudal part of the
incision to stop the back-bleeding from the two iliac arter-
ies by the insertion of 2 Fogarty catheters or 2 pediatric
Foley catheters (the balloon tip is inflated to obtain vascular
occlusion). This obviates the need for more extensive dis-
section of the iliac arteries and the difficulties with their
clamping in the presence of significant calcification. The
patent lumbar arteries are sutured from the inside of the
aneurysm. Only at this point is the “surgical window”
opened as proximally as possible, with the help of a self-
retaining retractor.
The proximal anastomosis between the aorta and the
prosthesis is performed under direct vision with conven-
tional but long instruments, according to the technique
described by Creech.1 Once the proximal suture has been
checked, the abdominal wall incision is retracted downward
to allow for better visualization of the distal anastomotic
sites. We have always used Dacron (DuPont, Wilmington,
Del) woven straight (83%) or bifurcated (17%) vascular
prostheses (Intervascular, Silver; Datascope Company, La
Cochat, France). If it is necessary to perform anastomosis in a
comm
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suprainguinal incision, as described by Castronuovo et al,21 is
performed, thus exposing the external iliac artery extraperi-
toneally (two cases; 1.6%). Femoral reconstruction is lim-
ited to cases with heavily diseased whole iliac axes (three
patients; 2.4%). Afterward, the inferior mesenteric artery is
sewn (100% of cases) or reimplanted, depending on the left
colon vascularization. The aneurysm wall and the posterior
parietal peritoneum are closed to cover the prosthesis in the
conventional way. Before the minilaparotomy is closed, the
abdominal cavity is irrigated with warm saline solution
(38°C). The peritoneal and muscular edges of the laparotomy
are then infiltrated with 2% Ropivacaine.
Postoperative care. All patients treated by HALS
were extubated on the operating table. In 87% of cases, they
were admitted to the intensive care unit for at least 12
hours. Intravenous analgesia was given for the first 8 hours
after surgery, followed by on-demand administration, with-
out any peridural catheter. The nasogastric tube was re-
moved 8 hours after the procedure in all cases. Oral liquid
intake was allowed immediately after surgery, and soft food
was allowed on the first postoperative day. Parenteral infu-
sion with hydrosaline solutions was maintained according
the patient’s water balance only during the first postopera-
tive day, unless signs of ileus were clinically evident. Post-
operative outpatient control visits were scheduled at 6 and
12 months and once a year thereafter (clinical evaluation
and abdomen ultrasonographic follow-up).
Statistical analysis. Values are reported as mean 
Fig 1. A, Positions of operative team members during l
and 3, scrub nurse. B, I trocar below umbilicus 10 mm
dissection; III trocar at 5 mm for aortic bifurcation andSD. The statistical analysis was performed with the t test forindependent samples and the Mann-Whitney test, as appro-
priate. The level of significance was set at .05.
RESULTS
There were no perioperative deaths, and the overall
morbidity rate was 12.2%. No conversion (to standard
midline laparotomy) was needed during laparoscopy for
122 AAA patients. In nine cases (7.3%), the minilapa-
rotomy was extended up to 10 to 12 cm to enable the repair
of iliac aneurysms (for seven iliac aneurysms, no extension
has been needed). The operative time was 257  70 min-
utes: 64 32 minutes for the laparoscopic preparation and
194  58 minutes for the aneurysm repair. The average
time of aortic clamping was 76  26 minutes, and for the
suprarenal clamping it was 27  6 minutes. Blood losses
were 1136 711 mL (reinfused with a cell-salvage circuit).
Eight patients (6.5%) needed blood transfusions. The aver-
age length of the stay in the intensive care unit was 14.3 
13 hours. The average time to bowel movement was
32.8 12 hours. Patients resumed solid food intake after a
mean of 27.4  15 hours after surgery. As a result of
prolonged ileus, three patients (2.4%) required longer in-
travenous crystalloid support. Apart from systemic compli-
cations (pneumonia in three [2.4%], arrhythmias in three
[2.4%], prolonged ileus in three [2.4%], myocardial isch-
emia in two [1.6%], and renal dysfunction in two [1.6%]),
two (1.6%) complications related to surgery were observed
(bleeding from a hypogastric artery injury and thrombosis
of a bifurcated graft leg) that necessitated urgent reopera-
scopy: 1, first surgeon; 2, first assistant, holding camera;
he 30° endoscope; II trocar at 5 mm for proximal neck
on iliac artery dissection.aparo
for ttion without extension of the minilaparotomy.
w the
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average follow-up was 28.6  16 months (no patient was
lost to follow-up), during which three cases (2.4%) of
incisional hernias in obese patients and a case of intestinal
occlusion due to intestinal adhesions were observed. Two
cases of incisional hernia were treated with a laparoscopic
mesh repair (Dual Mesh; Ethicon, Cincinnati, Ohio), and
one patient underwent open repair. The one patient with
mechanical ileus underwent laparoscopic intestinal adhesi-
olysis. No patient complained of long-lasting wound pain.
The proficiency-gain curve. We divided the study
population into 2 groups of 30 and 92 cases to investigate
the influence of the proficiency-gain curve on the duration
of surgery, operative blood loss, and postoperative hospital
stay (Table II). The first 20 cases were performed under the
supervision of an experienced general surgeon (A.P.).
Table III outlines the effects of obesity, the type of aneu-
rysm (size, location, and iliac involvement), and vascular
reconstruction (straight or bifurcated prosthesis) on the
duration of surgery.
DISCUSSION
HALS was introduced in general surgery to cope with
Fig 2. Laparoscopic view of the suprarenal aorta with t
of the incision to expose proximal anastomoses just belothe more complex laparoscopic procedures without jeopar-dizing the benefits of a minimal-access approach.17 The
insertion of a hand inside the insufflated abdominal cavity
restores tactile feedback to the operator and thus enables
the surgeon, by virtue of the restored tactile palpation, to
locate the aneurysm neck and iliac arteries, thus adding to
the visual evaluation of the quality of the tissues (especially
calcification of the arterial walls). The internal hand also
compensates for the lack of the tridimensional vision en-
countered in laparoscopy. In the transperitoneal approach
to the abdominal aorta, the hand also plays a primary role
t renal vein lifted up (white arrow) and upper retraction
renal arteries (white arrow).
Table II. Intraoperative and postoperative data of the
first group (30 patients) and second group (92 patients)
Parameter Group 1 Group 2 P value
Global operative time (min) 306  81 241  59 .000
Laparoscopic time (min) 98  35 52  21 .000
Aortic cross-clamp time
(min) 90  28 71  24 .000
Estimated blood loss (mL) 1077  726 1101  711 .917
Postoperative recovery (d) 5.3  2 4.1  1 .001
Data are mean  SD.he leffor retraction of the intestinal loops; it permits a quick
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laparoscopic autostatic retraction systems,22 through ex-
treme rotation of the table, or even by the retroperitoneal
and/or retrocolic approaches (as in a total laparoscopic
approach).16 The hand offers dynamic retraction, which is
easily adjustable, and it can also be used for gaining expo-
sure through blunt dissection. The internal hand improves
reliability and safety, because it allows immediate control of
serious bleeding. Turnipseed et al23,24 in 2000 and 2001
described the mini-incisional technique, which enables the
vascular surgeon to repair an infrarenal AAA through a
10-cm minilaparotomy (range, 8-12 cm) without any video
assistance. The substantial advantage of the HALS over the
mini-incisional technique is in the phase of arterial isola-
tion: it is easier and safer to work in a wide space distended
by gas with adequate illumination and with camera magni-
fication. In particular, this turns to be true when the supra-
renal aorta is prepared for clamping; moreover, with the
HALS, it is also possible to isolate the entire iliac common
axes up to the bifurcation.
Turnipseed et al23 also recommend managing the aor-
tic occlusion with a flexible clamp. The jaws of the flexible
clamps have to be driven by fingers; otherwise it might be
difficult to accomplish a complete occlusion of the aortic
lumen, especially at the suprarenal level. Working through
a 7-cm window makes this almost impossible. The tradi-
tional very long DeBakey clamp, inserted trough the mini-
laparotomy, never raised problems, although it is possible
to place it via a separate stab wound performed above the
minilaparotomy margin.
In our experience, we had no cases that necessitated
conversion and had a 100% success rate in preparing the
aneurysm neck for cross-clamping and implanting the pros-
thetic graft. However, the most complex cases in our
laparoscopic experience were the ones with an anteriorly
located aneurysm wall obscuring the proximal aortic neck.
We avoided the HALS approach in patients with a
Table III. Factors that influenced operative time
Variable Data P value
BMI (kg/m2)
30 255  72 .448
30 265  65
AAA size
60 mm 258  72 .905
60 mm 256  68
Proximal neck
Juxtarenal 274  89 .249
Infrarenal 254  66
Iliac artery aneurysms
No 250  64 .000
Yes 311  91
Graft
Tube 241  52 .000
Bifurcated 326  96
BMI, Body mass index; AAA, abdominal aortic aneurysm.
Data are mean  SD.massively calcified area (not just an aortic wall with somecalcifications) because, in these cases, for the patient’s
safety, we considered it essential for the surgeon to have the
widest freedom of movement. In this respect, other authors
have reported technical problems due to extensive calcifi-
cations.21,25
Although the average operative time was slightly over 4
hours, the postoperative course was characterized by early
recovery and by early resumption of oral intake (just 1 day
after surgery). Passage of flatus occurred on average on the
first postoperative day, thus allowing for withdrawal of the
intravenous crystalloid support on the second postopera-
tive day.
These results seem to indicate a better postoperative
course after HALS compared with standard open long
midline laparotomy. Although retrospective comparisons
with open surgically treated cases are unreliable because the
groups are not matched or randomized and, thus, are subject
to the influence of uncontrolled variables (see Table IV), we
think that the advantages over the open surgical approach
are likely to be real. Still, randomized prospective trials are
obviously required. Comparisons of HALS vs total laparo-
scopic aortic surgery based on data from the reported
laparoscopic literature16 are possible. Compared with total
laparoscopic surgery, HALS results in a shorter postopera-
tive hospital stay (4.4 days vs 6.3 days15 and 9 days16). It is
likely that the proficiency-gain curve of the total laparo-
scopic approach is considerably longer.
The effects of the proficiency-gain curve for HALS
were clearly demonstrated by the first 30 cases, after which
both the laparoscopic and minilaparotomy times were sig-
nificantly shortened, with advantages including a reduced
postoperative hospital stay. Adverse factors such as obesity,
a large aneurysm size, and the need for suprarenal clamping
have not influenced the length of operation. In fact, the
hand-assisted dissection has permitted rapid identification
of the aneurysm neck even when it is obscured by fatty
retroperitoneal tissue. In addition, finger retraction allowed
for a quick dissection of the juxtarenal and suprarenal aorta.
In contrast, the presence of iliac aneurysm and the necessity
for use of a bifurcated prosthesis have been associated with
a longer operative time, probably as a result of an additional
vascular anastomosis. No complications due to the im-





No. cases 122 331
ICU stay (h) 14.3  13 24.5  32 .000
Postoperative solid
food intake 27.4  15 48.1  12 .000
Morbidity rate 12.3% 17.6% .786
Mortality rate 0% 1.9% .019
Length of stay (d) 4.4  1.7 6.7  1.9 .000
HALS, Hand-assisted laparoscopic surgery; ICU, intensive care unit.
Data are mean  SD unless otherwise noted.planted prosthesis have been observed in the follow-up, but
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to the minilaparotomy (incisional hernias), with one case of
intestinal obstruction due to intestinal adhesions. The inci-
dence of incisional hernias was lower than described by
other authors19,26 and was similar to the experience of
Alimi et al27 (8% after 17.1 months of follow-up). Perhaps
the explanation lies in a report published by Israelsson,28
which showed that the incidence of postoperative incisional
hernias was directly related to the incision length.
HALS has proven to be a reliable technique that is able
to cope even with technically complex AAAs (large or
juxtarenal AAAs, those in obese patients, and those associ-
ated with iliac aneurysms) with better immediate results
than those so far obtained with a total laparoscopic ap-
proach. The minilaparotomy does not significantly reduce
surgical minimal invasiveness (with respect to total laparo-
scopic AAA repair); on the contrary, it has increased the
safety of the procedure and its feasibility and reproducibil-
ity, accelerating the proficiency-gain curve.
CONCLUSION
HALS has proven to be a feasible and reliable therapeu-
tic approach for the treatment of AAAs. It is able to limit
the need for conventional open surgery and to reduce the
hospital stay to a length similar to that after the AAA
endovascular exclusion technique. HALS can also be con-
sidered as an equivalent to an “established” procedure and
as a bridge between open and total laparoscopic surgery. It
reduces the traumatic insult to the patient after open sur-
gery without compromising the benefits of the laparoscopic
approach.
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